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KEK B factory	




•  8GeV(e-)   
×3.5GeV(e+) 

•  Peak 
Luminosity 
2.1×1034 cm-2 
s-1 

•  Integrated 
luminosity 
1040 fb-1	






Cross section and luminosity	


•  Cross section , Unit: barn, symbol: b 
1 b = 10-24 cm2 

•  Total cross section of 
 
  
 
with Ecm in unit of GeV. 

•  Event rate = luminosity × cross section	


e+e− → µ+µ−
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•  In the case of KEK B factory 
Event rate of  
=87/(10.5)2 ×21 〜16.6/sec 
 
Event number of  
=87/(10.5)2 ×(nb/fb)×1000〜8×108 
 

•  Event number of  
=(2/3)^2×Nc×87/(10.5)2 ×(nb/fb)×1000〜
1.1×109 

Not only B factory, but also charm factory! 
•  772×106 B Bbar pairs 

e+e− → µ+µ−

e+e− → µ+µ−

e+e− → cc



Upsilon(4S) production rate	

About Upsilon(4S) 
•  M = 10.5794 GeV 
•  JPC =1- - 

•  Width = 20.5 MeV 
•  B+ B- & B0 B0bar threshold = 10.559 GeV 
•  B B* threshold = 10.604 GeV 
•  Upsilon(4S) -> e+ e- fraction = 1.57×10-5 

•  Upsilon(4S) -> B Bbar fraction > 96% 



at Ecm = M with full width of Upsilon(4S)	




〜1nb	


Total number of Upsilon(4S)  
〜　1.1nb/fb×700 = 770 M 	


Observed Upsilon event number is about 
770 M and the efficiency is very good 
〜 100%.	




Belle	
  detector	




µ / KL detection 
 14/15 lyr. RPC+Fe 

Central Drift Chamber 
       small cell +He/C2H6 

CsI(Tl)  
   16X0 

 Aerogel Cherenkov cnt. 
              n=1.015~1.030 

Si vtx. det. 
   3/4 lyr. DSSD 

TOF conter 

SC solenoid 
   1.5T 

8 GeV e-	



3.5 GeV e+	



Belle Detector 



•  High resolution, multipurpose,  
good PID, 4π　spectrometer 
 

•  Loose event selection 



Physics runs	


Reference:	
  J.	
  Brodzicka	
  et.	
  al.,	
  PTEP,	
  2012,	
  04D001	




•  Off-resonance data	
  
60MeV below the resonance peak in 
order to determine the non-BBbar 
background 

•  Energy scan data 
between       and  ϒ(6S)ϒ(4S)



Data analyses at Belle	


Detected particles 
•  photon 
•  electron, muon 
•  Charged particles:pion, kaon, proton 
•  Neutral particles:KL  
π0-> γγ,  eta-> γγ, Ks -> ππ,  λ-> pπ 

 
Energy, momentum, track, vertex point	




BASF(Belle Analysis Software Framework) 
•  Analysis code is written by C++ using 

Belle’s original classes. 
•  Ks and Lambda -> reconstruction routine 

with vertex fitting. 
•  For B meson analyses, full reconstruction 

is done by the Neuro-computing code. 



Personal impression of a 
theoretical hadron physicist 
who started Belle data analyses	




Organization of Belle 	

•  One can freely start  data analysis of the 

subject  if no one in the collaboration has 
not obtained physics results on that 
subject. 
 

•  Data analysis meetings on each subject 
(TDCPV, EWP, Charm, Upsilon(5S), Two 
photons, etc.)  are organized  and there, 
one can obtain useful suggestions for the 
analysis.	




•  One can freely read the notes of the 
previous analyses and leaned many things 
from there such as cut conditions, fitting 
functions, estimations of the systematics, 
etc. 
 

•  When one obtain some physics results on 
his/her analysis, one has to write his/her 
analysis note (called Belle note). Then, 
three internal referees are assigned.	




•  In the collaboration meeting, one has to 
present his/her result before opening 
his/her result to public. Only the 
approved result can be presented in the 
conference. 



Gap between experimentalists 
and theorists	

•  Most of the theorists do not know how 

to estimate the systematic errors. 
 

•  In order to estimate the systematic 
errors, experimentalists estimate the 
errors in  
(1) acceptance corrections 
(2) background subtractions 
(3) fitting functions	




Event Generator	

•  Experimentalists use the event generator 

to simulate the physical events. 
•  Using generated data, the acceptance is 

estimated. 
•  Improvement of the event generator is 

very important -> theorists 
(1) hadronization processes 
(2) inclusion of the new resonances and 
exotic hadrons	




Spectral shape	

•  Espetially, near threshold, theoretical 

estimation of the spectral line shape is 
important.	




NPC results 
presented at Hadron 2013 

by Sumihama-san	




Produc?on	
  cross	
  sec?ons	
  	
  
of	
  	
  

Strange	
  and	
  Charmed	
  baryons	
  	
  
at	
  Belle	
  

M.	
  Sumihama	
  for	
  NPC@Belle	
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string	


@√s	
  =	
  10.52	
  GeV	




Produc?on	
  rate	
  of	
  baryons	
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"   Slope	
  of	
  meson	
  (qqbar)	
  is	
  different	
  
from	
  baryons	
  (qqq).	
  	
  

"   Slope	
  depends	
  on	
  quark	
  coun?ng	
  

"   “4	
  or	
  5-­‐quark	
  state”	
  do	
  not	
  lie	
  on	
  
“3-­‐quark	
  state”? 	



     Λ(1405),	
  pentaquark,	
  Θ+? 	
  	
  

Produc?on	
  rate	
  σ/σhad/(2J+1)	
  ∝	
  exp(-­‐αmh)	
  due	
  to	
  linear	
  poten?al	
  
	
  	
  

mh(mass	
  of	
  hadrons)[GeV]	


σ
/σ

ha
d/
(2
J+
1)
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σ
/σ

ha
d/
(2
J+
1)
	


Mass	
  of	
  baryons	
  (GeV)	


Previous	
  data	


deviate	


ARGUS	
  
√s=10.5	
  GeV	


Belle	
  	


	
  
"   Λ(g.s.)/Λ(1520)	
  deviate	
  in	
  LEP	
  
	
  	
  	
  à	
  good	
  di-­‐quark	
  >	
  bad	
  di-­‐quark?	
  
	
  	
  	
  	
  	
  
"   Λ(1520)[3/2-­‐]	
  deviates	
  in	
  ARGUS	
  
	
  	
  	
  à	
  [3/2-­‐]	
  state	
  is	
  special?	
  	
  
	
  	
  	
  à	
  L=0	
  ≠	
  L=1	
  ?	
  	
  
	
  	
  	
  à	
  Λ(1520)	
  [3/2-­‐]	
  	
  	
  Λc*(2625)[3/2-­‐]	
  
       Λ(1405)	
  [1/2-­‐]	
  	
  	
  Λc*(2595)[1/2-­‐]	
  

LEP	
  	
  
√s=92	
  GeV	


R.L.Jaffe,	
  Phys.Rept.409:1-­‐45,2005	


	
  	
  	
  
"   Error	
  bar	
  in	
  ARGUS	
  is	
  large	
  	
  
	
  	
  	
  	
  àMore	
  precise	
  data	
  	
  
	
  
"   No	
  series	
  of	
  charmed	
  baryon	
  
à First	
  systema?c	
  measurement	
  	
  
	
  	
  	
  	
  	
  of	
  produc?on	
  rate	
  for	
  charmed	
  
	
  	
  	
  	
  	
  baryons.	
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"   Produc?on	
  rate	
  is	
  good	
  mean	
  to	
  see	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  not	
  only	
  hadronaiza?on	
  /	
  fragmenta?on	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  but	
  also	
  quark	
  picture	
  of	
  hadrons.	
  
"   Systema?c	
  study	
  of	
  baryons,	
  and	
  search	
  for	
  “exo?c”	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  baryons	
  in	
  strange	
  and	
  charmed	
  baryons.	
  	
  	
  	
  
"   Informa?on	
  on	
  diquark	
  picture	
  of	
  charmed	
  baryons	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  in	
  contrast	
  with	
  strange	
  baryons.	
  	
  	
  	
  
"   Λ, Σ, Σ*, Ξ, Ω, Λc,	
  Λc

*	
  ,Σc	
  ,Σc
*	
  

	
  	
  	
  	
  	
  	
  	
  First	
  systema?c	
  measurement	
  for	
  series	
  of	
  charmed	
  baryons.	
  	
  	
  
	
  
"   It	
  is	
  interes?ng	
  and	
  important	
  to	
  look	
  at	
  the	
  tendency	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  of	
  many	
  hadrons	
  by	
  precise	
  measurement.	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  Belle	
  data,	
  	
  well	
  constructed	
  detectors	
  and	
  good	
  sta?s?cs.	
  	
  	
  

In	
  this	
  work	
  	




Ξ-, Ω-, Ωc0	
  	


IP	


Ξ-	



cτ =	
  4.91cm 	
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Λ 
cτ =	
  7.89cm 

π- 

p	

π-	


Points	
  :	
  	
  
1.  Ξ-­‐	
  is	
  produced	
  at	
  IP	
  
2.  Ξ-­‐	
  and	
  Λ	
  are	
  long	
  life,	
  decay	
  points	
  are	
  not	
  always	
  from	
  IP.	


Same	
  topology	
  for	
  Ω-­‐	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  cτ=2.46cm	


Decay	
  process	
  analyzed	
  in	
  this	
  work	
  
•  Ξ-     [dds] ◊ Λπ-　　　　　　　	



•  Ω-     [sss]	
  ◊ ΛΚ-	



•  Ωc0  [ssc] ◊ Ω-π+	



+	
  their	
  charge	
  conjugate	
  condi?ons	
  

Points	
  :	
  	
  
1.  Ξ-	
  /Ω-	
  is	
  produced	
  at	
  Interac?on	
  point(IP)	
  
2.  Ξ-	
  ,	
  Ω- and	
  Λ	
  are	
  long	
  life,	
  	
  
	
  	
  	
  	
  	
  	
  decay	
  points	
  are	
  not	
  always	
  at	
  IP.	
  
	
  
Precise	
  vertex	
  reconstruc?on	
  is	
  required.	
  	


π+	
  for	
  Ωc0	




Mass	
  spectrum	
  of	
  Ξ-	
  and	
  Ω-	
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Full	
  sta?s?cs	
  with	
  	
  
con?nuum	


Ξ-                                               Ω-	




Cross	
  sec?ons	
  of Ξ and Ω	
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Ξ / Ξ	
 Ω / Ω	


Ξ + Ξbar	
  	
  
Total	
  cross	
  sec?on	
  =	
  25.55	
  +-­‐	
  0.64	
  pb	


Ω	
  +	
  Ωbar	
  	
  
Total	
  cross	
  sec?on	
  =	
  1.15	
  +-­‐	
  0.32	
  pb	


Con?nuum	
  data	


●●　ϒ(4S)	
  data	
  
○○　Con?nuum	
  data	
  
　Y	
  /	
  an?-­‐Y	




Ωc	
  à	
  Ω-π+  +c.c.	
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σ	
  x	
  BR	
  (Ω-π+)	
  +	
  c.c.	
  =	
  0.04	
  	
  0.003	
  pb	
  	
  
Ωc	
  à	
  Ω-X	
  =	
  0.2	
  pb	
  

Con?nuum	
  data	


BR	
  	
  1.25±0.5%	
  for	
  Ω-X	
  
	
  	
  	
  	
  	
  	
  	
  0.25±0.12%	
  for	
  Ω-π+	
  
by	
  phenomenological	
  calcula?on	
  (ref.	
  PDG)	


Ev
en

t	
  r
at
e	
  
/	
  L

in
t.	


Co
un

ts
	


Mass	
  [GeV]	
 xp	




Λc
+, Λc

*+, Σc
0, and Σc

*0	

Decay	
  process	
  analyzed	
  in	
  this	
  work	
  
•  	
  	
  Λc

+	
  	
  	
  	
  à	
  pK-­‐π+	
  	
  
•   Λc

*(2625)	
  	
  à	
  Λc
+ π+ π-	
  

•   Σc
0   ◊ Λc

+ π-	


•   Σc

*(2520)◊ Λc
+ π-	



+	
  c.c.	
  

R.	
  Seuster	
  et.	
  al.	
  (Belle	
  Collabora?on),	
  
Phys.	
  Rev.	
  D	
  73	
  (2006)	
  032002.	


•  Normaliza?on	
  of	
  Λc
+	
  has	
  not	
  

been	
  done.	
  	
  Normaliza?on	
  
factor	
  by	
  previous	
  Belle	
  data	
  
àsystema?cs	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  
•  	
  Λc*,	
  Σc,	
  Σc

* are	
  reconstructed	
  
by	
  Λc

+,	
  and	
  π or	
  ππ. 	
  	


Λc
+	


Mass	
  plot	
  	


Mass	
  spectrum	
  of pΚπ	




35	


Λc
+(2625)	


○○　ϒ(4S)	
  data	
  
▽▽　Con?nuum	
  data	
  
　Y	
  /	
  an?-­‐Y	


Xp	


dσ
/d
x p
(n
b)
	


Λc(2595)+	
  	


Λc(2625)+	
  	


Λc
+(2625)	


Mass	
  spectrum	




Mass	
  spectrum	
  of Σc
0(2455), Σc

*(2520)0	
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Σc(2455)0	
  	


Σc(2520)0	
  	


Λc
+ π-  decay	
  processes	
  

Exclude	
  in	
  analysis	
  
•  Λc*(2595)+	
  à	
  Λc

+ π+ π-	
  

•  Λc*(2625)+	
  à	
  Λc
+ π+ π-	
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○○　ϒ(4S)	
  data	
  
▽▽　Con?nuum	
  data	
  
	
  Y	
  /	
  an?-­‐Y	


Σc
0(2520) 	
Σc

0(2455) 	


Cross	
  sec?ons	
  of	
  Σc(2455)0, Σc
*(2520)0	
  	




direct Λc	
  and	
  Σc	
  produc?on	
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•  Λc
+	
  +	
  c.c.	
  (direct)	
  	
  	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  = 189 ± 66 pb                inclusive 
                               -  (17.9 ± 6.0 pb ) x 3      Σc

0,+,++(2455) +	
  c.c.	
  
                            -  (18.8 ± 6.4 pb) x 3        Σc

0,+,++(2520)	
  +	
  c.c.	


                            -	
  	
  	
  (31.3 ± 10 pb)     　　　Λc

+(2625) +	
  c.c.	


                             = 47.6 ± 16.2 pb 
•  Σc

0(2455) +c.c.	
  (direct)	
  	
  =	
  17.9 ± 6.0 pb 
•  Σc

0(2520) +	
  c.c.	
  (direct)	
  =	
  18.8 ± 6.4 pb	
  
•  Λc

+(2625) +	
  c.c.	
  (direct)	
  =	
   31.3± 10 pb 

Λc(2595)	
  and	
  Λc(2775)	
  
	
  feed	
  down	
  
are	
  included.	




Result	
  and	
  discussion	
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Previous	
  Belle	
  work	


This	
  work	
  (very	
  preliminary)	
  
ARGUS	
  
	


Ø  Mass	
  dependence	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  strange	
  ≠	
  charm	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  not	
  lie	
  on	
  the	
  same	
  line	
  
Ø  Large	
  discrepancy	
  to	
  ARGUS	
  
	
  	
  	
  	
  	
  	
  on	
  Λ,	
  and	
  Σ*	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  treatment	
  of	
  feed	
  down?	
  
	

Ø  Devia?on	
  of	
  Λ(1520)[3/2-] 	


     is	
  not	
  	
  clear.	
  	


	


Ø  Ω	
  <	
  Λ, Σ,	
  Ξ	


   à	
  Ω[sss] with	
  “ 	
  	
  	
  	
  	
  	
  	
  “	
  
   	
  	
  	
  	
  	
  	
  	
  	
  	
  no	
  good	
  diquark	
  

σ
/σ

ha
d/
(2
J+
1)
	


Mass	
  of	
  baryons	
  (GeV)	


Λ{uds}	
  
Λ(1520)[3/2-­‐]	
  
Σ{dds,uds,uud}	


Σ(1385)[3/2+]	
  
Ξ{dss,	
  uss}	
  
Ω{sss}[3/2+]	
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"   Charmed	
  baryons	
  do	
  not	
  lie	
  on	
  “one”	
  line.	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Jp	
  :	
  no	
  measurement	
  or	
  not	
  well	
  measured	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  quark-­‐model	
  predic?on	
  	
  
"   Λc	
  >	
  Σc	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  à	
  good	
  diquark	
  >	
  bad	
  diquark	


"   Large	
  rate	
  of	
  Λc(2625)[3/2-­‐](L=1	
  state)	
  

	


"   Prefer	
  [3/2-­‐]	
  or	
  L=1?	
  	
  Why?	
  
"   Rate	
  of	
  Λ(1520)[3/2-­‐]	
  is	
  not	
  large.	
  	
  
"   Rates	
  of	
  Λc(2595)[1/2-­‐](L=1	
  state)	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  and	
  Λ(1405)[1/2-­‐]	
  are	
  “key”.	
  	
  
	



"   Ωc	
  	
  :	
  no	
  measurement	
  of	
  BR	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  a	
  plot	
  with	
  BR(0.24+-­‐0.12%)	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  by	
  the	
  phenomenological	
  calcula?on.	
  	
  
	
  	
  	
  	
  Produc?on	
  rate	
  à	
  BR	
  	
  	
  	
  

Λc(g.s)[1/2+]	


Λc(2625)[3/2-­‐]	


Σc
0(2455)[1/2+]	


Σc
0(2520)[3/2+]	


Σc(2800)[??]	
  
	
  	
  use	
  3/2	


Λc(2595)[1/2-­‐]	

σ
/σ

ha
d/
(2
J+
1)
	


Mass	
  of	
  baryons	
  (GeV)	


Charmed	
  baryons	


   Ωc	


Results	
  and	
  discussion	


Very	
  preliminary	




Summary	
  of	
  NPC	
  result	

"   We	
  measured	
  produc?on	
  rates	
  R	
  of	
  strange	
  and	
  charmed	
  

baryons	
  at	
  √s	
  =	
  10.52	
  GeV	
  (con?nuum	
  data/off-­‐resonance	
  
region)	
  in	
  e+e-­‐	
  annihila?on	
  at	
  Belle.	
  

"   “Systema?c”	
  measurement	
  of	
  R	
  provides	
  informa?on	
  on	
  
quark	
  structure	
  of	
  hadrons.	
  	
  

"   Configura?on	
  and	
  performance	
  of	
  Belle	
  detector	
  is	
  good	
  for	
  
long-­‐life	
  par?cles	
  like	
  Λ, Ξ, and Ω.　	



"   We	
  observed	
  ‘charmed	
  baryons	
  do	
  not	
  lie	
  on	
  one	
  line’.	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  Can	
  we	
  explain	
  by	
  a	
  diquark	
  picture?	
  	
  
"   Further	
  study	
  of	
  many	
  baryons	
  with	
  various	
  spin-­‐parity	
  	
  
	
  	
  	
  	
  	
  is	
  interes?ng	
  to	
  see	
  their	
  quark	
  structures.	
  	
  

41	




Heavy Quark Physics	


I	
  took	
  most	
  of	
  the	
  results	
  from	
  	
  
J.	
  Brodzicka	
  et.	
  al.,	
  PTEP,	
  2012,	
  04D001.	
  
Figs.	
  and	
  Tables	
  given	
  hereayer	
  without	
  
explicit	
  ref.	
  are	
  from	
  this	
  paper.	




Charmonium Physics	




	
  ccbar production mechanisms in  
e+e- collisions at E 〜 10.58 GeV	

1.  B-meson weak decays 

b -> c cbars (favored transition)  
 

2.  γγ fusion: proportional to square of 
quark charge 
	




3.  Near-threshold s-channel ccbar 
production via initial-state radiation 
(ISR): 1--  state 
 
	


e-­‐	


e+	


γ	


Virtual	
  photon	


c	


cbar	




4.  ccbar associated production with J/psi 
production in e- e+ annihilation	


K.	
  Y.	
  Liu,	
  Z.	
  G.	
  He,	
  and	
  K.	
  T.	
  Chao,	
  Phys.	
  Le}.	
  B	
  
557	
  (2003)	
  45,	
  arXiv:hep-­‐ph/0211181	




ηc (2S)

B→ Kηc (2S)
ηc (2S)→ KS K

± π 

e+ e− → J /ψ X





Belle	
  Collabora,on	
  /	
  Physics	
  Le6ers	
  B	
  706	
  (2011)	
  139–149	








Lessons we have learned from 
eta(2S) analyses	


•  Belle can observe the state in not only 
one mode but also other modes. 
 

•  Belle can study angler distribution of 
decaying objects to study spin of the 
state. 
 

•  Careful analyses improve the results 
(such as interference effect) 



Zc (3900)
±



Zc(3900) at Belle	


•  Reference: PRL 110, 252002 (2013) 
 
	
e+e− → γ (ISR)π +π −J /ψ Y(4260)	
  1-­‐-­‐	


Y (4260)→ π +π − J /ψ











Zc(3900) at Belle	

•  Mass: (3894.5±6.6±4.5) MeV 

 
•  Width: (63±24±26) MeV 

 
•  Consistent with Belle result 



Zc(3900) at BESIII	

•  Reference: PRL 110, 252001 (2013) 

 
e+e− → π +π − J /ψ at	
  E	
  =	
  4.26	
  GeV	








Zc(3900) at BESIII	

•  Mass: (3899.0±3.6±4.9) MeV 

 
•  Width: (46±10±20) MeV 

 
•  Statistical significance > 5.2σ 

 
D0 D*- threshold: 3875.15 MeV	




X(3940)	






Is X(3940) η(3S)?	

•  Decay	
  pa}ern	
  is	
  OK?	
  
	
  

•  Ψ(3S)	
  is	
  the	
  spin	
  triplet	
  partner	
  of	
  η(3S)	
  
Mass:	
  (4040±4)	
  MeV	
  
	
  
Hyper	
  fine	
  spli�ng	
  is	
  about	
  98	
  MeV	
  
which	
  is	
  twice	
  as	
  large	
  as	
  that	
  of	
  2S	
  states	
  
too	
  large!	




	
  N.	
  Brambilla	
  et	
  al.	
  (Quarkonium	
  Working	
  Group),	
  Eur.	
  Phys.	
  J.	
  C	
  71,	
  1534	
  (2011).	




ccbar ccbar production rate	

•  Large	
  J/psi	
  ηc	
  produc?on	
  rate	
  	
  
	
  

•  How	
  about	
  the	
  produc?on	
  rate	
  of	
  the	
  double	
  
charm	
  baryon?	
  
	
  

•  Theore?cal	
  es?ma?on	
  is	
  desirable!	




Bottomonium physics	




hb(1P) and hb(2P)	

•  Reference:  Phys. Rev. Lett. 108, 032001 

(2012).	
  
e+e- -> Υ(5S) -> hb(nP)π+ π- 
 

•  bbbar : S=0, L=1, JPC = 1+-   
•  M(hb(1P)) = 9898.25 ± 1.06 +1.03

-1.07 MeV/c2  
significance 5.5σ 

•  M(hb(2P)) = 10259.76 ± 0.64 +1.43
-1.03 MeV/c2  

significance 11.2σ 

Takizawa@JPS	
  mee?ng,	
  Hirosaki,	
  2011	
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•  Missing	
 mass	
 spectrum	
 of	
 π+	
 π-	
 

Takizawa@JPS	
  mee?ng,	
  Hirosaki,	
  2011	
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Υ(1S)	
 Υ(2S)	
 Υ(3S)	
 
hb(1P)	
 hb(2P)	
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Missing	
  Mass	
  (π+π-­‐)	
  spectrum	
  with	
  combinatorial	
  background	
  and	
  
	
  K0S	
  contribu?ons	
  	
  subtracted	




	
  Zb
±(10610) and Zb

± (10650)	

•  	
  Phys. Rev. Lett. 108, 122001 (2012).	
  

	
  
e+e-	
 ->	
 Υ(5S)	
 ->	
 Zb

-+	
 π+- 
	
 

•  Charged bottom like mesons　-> explicitly exotic 
•  M(Zb,1) = 10608.4 ± 2.0 MeV/c2   

 
Γ1 = 15.6 ± 2.5 MeV 
 
BB*bar threshold: 10604 MeV/c2 

 
•  M(Zb,2) = 10653.2 ± 1.5 MeV/c2   

 
Γ2 = 14.4 ± 3.2 MeV 
 
B*B*bar threshold: 10650 MeV/c2 

 
•  IG (JP) = 1+ (1+) 
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Analysis	
 of	
 Υ(5S)	
 ->	
 Υ(1S,2S,3S)π+π-	
 

•  Three-­‐body	
  decay	
  amplitude	
  
	
  
	
  
	
  
	
  
	
  
	
  2	
  Zbresonances	
  and	
  f0(980),	
  f2(1270)	
  
contribu?ons	
  are	
  included	
  in	
  the	
  amplitude	
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Takizawa@JPS	
  mee?ng,	
  Hirosaki,	
  2011	
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Analysis	
 of	
 Υ(5S)->hb(1P,2P)π
+π-	
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hb(1P)	
 hb(2P)	




Zb
0(10610) 	


•  Phys.	
  Rev.	
  D	
  88,	
  052016	
  (2013)	
  
	
  

•  Dalitz	
  analysis	
  of	
  	
 ϒ(10860)→ϒ(2,3S)π 0π 0





Zb
0(10610) 	


•  Mass: (10609±4±4) MeV 
 

•  Statistical significance is 6.5σ 
 

•  Zb
0(10650) signal is not significant.	




Charmed baryons	




Λc(2880)	




Σc(2800)	




Ξc(3077)	






Summary	

•  Although the data taking was finished on 

June 30, 2010, there may be rich heavy 
quark physics to be analyzed in Belle data. 
 

•  Simultaneous explanation of Zb
± and Zc

± is 
rather difficult since heavy quark 
symmetry requires almost same 
interactions between DD*bar and BB*bar, but 
the kinetic energy of the BB*bar system is 
much smaller than that of DD*bar system.	




•  For the systematic studies of bottom 
baryons, CM energy of KEK B-factory is 
not enough. 
 

•  Quantum numbers, production rates, 
decay rates, etc. have not been 
determined for many higher resonance 
states, which should be measured.	




•  Super KEK B-factory will start data 
taking from 2016!! 
 

•  Let’s enjoy heavy quark physics  
at Belle II	



